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 Algal blooms have caused significant losses in seagrass and macroalgae in the Indian 
River Lagoon, FL. To gain an understanding of these effects, samples of Gracilaria sp., 
Halodule wrightii, pinfish, and white mullet were taken throughout October and November of 
2013. Samples from 2001 of Gracilaria sp., Halodule wrightii, Syringodium filiforme, Thalassia 
testudinum, pinfish, spotted seatrout, and white mullet were also obtained. Stable isotope data 
were obtained from these samples and compared by year and species. Halodule wrightii and 
pinfish had a significantly larger 2013 δC
13
 values. Halodule wrightii also displayed lower total 
%C and total %N averages for 2013 when compared to 2001 data. These results may indicate a 
link between Halodule wrightii and pinfish, with pinfish consuming organisms that use Halodule 
wrightii as their source of nutrients. The location of collections also seemed to play a role in 
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Several declines and recoveries of seagrass coverage have occurred in the Indian River 
Lagoon (IRL) since the 1990s (Morris & Virnstein, 2004). Complete loss of seagrass in 1997 
was followed by the recovery of these species in 2000 and this pattern of decline and recovery 
has persisted to the present (Morris & Virnstein, 2004). Following several years of increasing 
salinity and two periods of below normal winter temperatures, a concurrent deterioration of drift 
macroalgae was also seen in the IRL in 2010 (Largin, 2012). In early spring through late fall of 
2011 another massive algal bloom occurred, causing significant losses of seagrass in the IRL 
(Largin, 2012). This bloom, located in the Banana River (BRL), Northern Indian River Lagoon 
(NIRL), and southern Mosquito Lagoon, was dominated by pico-cyanobacteria and an 
unidentified species of chloro-microflagellates in the class Pedinophycecae (Largin, 2012). 
Smaller, concurrent algal blooms also occurred in the Melbourne 
area of the central IRL, which was dominated by cyanobacteria 
and dinoflagellates, and in the Sebastian and Vero areas of the 
central IRL where diatoms and dinoflagellates dominated (Largin, 
2012).  
Compared to the summer of 2010, the BRL, NIRL, and 
central IRL seagrass beds experienced more than a 45% decrease 
in coverage of seagrasses during the summer of 2011 (Largin, 
2012). Areas of the IRL located adjacent to Melbourne and Cocoa 
saw 100% losses of seagrass beds from the summer of 2010 to June of 2011 (Largin, 2012). 
Figure 1: Locations of BRL, 
NIRL, and central IRL 
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A decrease in water transparency, and an increase in light attenuation, was observed 
during the months of April through June of 2011 in the IRL (Largin, 2012). This decrease in 
water transparency may have occurred as macroalgae formed mats over the seagrass beds, 
ultimately causing the decline in seagrasses (McGlathery, 2001). A study cited by McGlathery 
(2001) showed that as the height of macroalgae canopies increased, losses of seagrasses 
increased. This increase in seagrass loss was caused by a decrease in the ability to obtain light 
due to the extensive algal canopy above the seagrass (McGlathery, 2001). The increase in light 
attenuation may have been caused by the accumulation of epiphytic microalgae on seagrass 
leaves (McGlathery, 2001). The accumulation of epiphytic microalgae on seagrass leaves can 
also cause a reduction of nutrient and gas exchange (McGlathery, 2001). As the algal blooms 
occurred in the IRL, seagrasses became increasingly shaded by both microalgae and macroalgae 
and could not obtain light and nutrients needed for survival.  
Studies have been performed to determine the cause of the bloom and develop plans for 
restoration of the species. One hypothesis is that excess nutrients could have been a factor that 
indirectly led to the decline of seagrass species (Carruthers et al., 2006). This nutrient excess 
could have accumulated after the decline of drift macroalgae in the IRL (Largin, 2012). By 
acting as a nutrient sponge, drift algae prevents the excess accumulation of nutrients; the crash of 
macroalgae in 2010 may have led to an increase of nutrients, ultimately causing the algal blooms 
(Largin, 2012).  
Another source of extra nutrients that could have fueled the algal blooms was 
groundwater seepage, which would provide transportation for nutrients (Sigua & Tweedale, 
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2003). The nutrients carried through groundwater seepage may have come from atmospheric 
deposition, mineralization of sediments, or fertilizers from agricultural runoff (Sigua & 
Tweedale, 2003). The IRL is extremely sensitive to sudden increases in nutrients due to 
restricted tidal flushing (Sigua & Tweedale, 2003). With limited tidal flushing, nutrients can 
accumulate, greatly impacting the IRL ecosystem. Changes caused by increased nutrients in the 
IRL include a change in the lagoon’s system from a macrophyte-based system, including 
seagrass, to an algal-based system (Sigua & Tweedale, 2003).  
Algal blooms have impacted the marine communities in the IRL. The present study 
attempted to assess potential effects of algal blooms on the marine communities in the IRL by 
using stable isotopes of seagrass and macroalgae to ultimately examine effects on the trophic 
web.  
I hypothesize that the algal blooms in the IRL caused an initial increase in carbon 
availability for microorganisms that ultimately depleted nitrogen in the IRL community. This 
decrease in nitrogen may have caused seagrasses and macroalgae to increase their use of 
nitrogen. As a result, stable isotope analysis should show a decrease in the nitrogen ratios and an 
increase in carbon ratios in comparison with data collected before the algal blooms.  
1.1: The importance of seagrass and macroalgae 
Seagrass and macroalgae collected from the IRL can be used to study the recovery of 
marine communities in the IRL after the superbloom in 2011 by comparing data collected before 
and after the bloom. Species of seagrass and macroalgae have critical roles in the marine 
community. Macroalgae provides habitats and nutrients to fish and invertebrates (Liss, 2004) 
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while seagrass beds harbor more species of animals than any other soft-bottom marine 
community (Heck & Williams, 2001).  
In addition, seagrasses are involved in the stabilization of soft sediments (Carruthers, 
2006). Seagrass species inhabit shallow, soft-sediment areas along the shores of estuaries, such 
as the IRL (Heck & Williams, 2001). The stabilization that seagrass provide allows epiphytic 
algae to thrive in the community created by seagrass (Heck & Williams, 2001). Free floating 
macroalgae can become attached to the stabilized sediment and become an important part of the 
community (Liss, 2004). In addition, seagrass provides a source of carbon as detritus (Carruthers 
et al., 2006). 
Seagrass species create “nursery grounds” for invertebrates and small fishes where young 
animals experience high rates of growth (Heck & Williams, 2001). Fishes that feed on seagrasses 
can become the food source of piscivores, such as the bottlenose dolphin (Heck & Williams, 
2001). Manatees also feed on a variety of seagrasses, such as Thalassia testudinum (Carruthers et 
al., 2006). With the decline of seagrass populations in the IRL, the organisms that live in and 
feed on the seagrasses will inevitably be affected.  
1.2 Carbon in Ecosystems 
Carbon in river and estuary ecosystems is primarily derived from the surrounding 
terrestrial ecosystems, from sources such as carbohydrates or amino acids in leaves and plant 
roots (Schlesinger, 1997). Most major rivers contain high quantities of CO2 and CH4, which can 
also act as sources of carbon for the ecosystem (Schlesinger, 1997). Large rivers also derive 
organic carbon from floodplains during seasonal flooding (Schlesinger, 1997). Through the 
breakdown of organic materials, carbon is returned to the environment for uptake by plants, such 
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as seagrass and macroalgae. Plant tissue, such as that of seagrasses and macroalgae, will be 
primarily made of carbon and can be used to assess the health of an ecosystem through analysis 
of stable isotope ratios (Schlesinger, 1997).  
1.3 Nitrogen in Ecosystems 
The majority of nitrogen in the biosphere is in the form of N2 (Fry & Peterson, 1987). 
Nitrogen fixation allows the conversion of N2 to fixed forms that can be used by organisms 
(Schlesinger, 1997). Nitrogen is an important component of enzymes that control biochemical 
reactions in which carbon is photosynthesized or respired (Schlesinger, 1997). Thus, nitrogen 
and carbon cycles are interlinked and dependent upon each other.  
Humans have become a large source of fixed nitrogen; this anthropogenic nitrogen 
accumulates in ecosystems, such as the IRL and disrupts ecological processes (Rabalais, 2002). 
Primary producers, such as seagrass and macroalgae, in estuaries receive excess anthropogenic 
nitrogen first and respond to this increase in nutrients by increasing growth and production by 
converting the nitrogen source into usable forms (Rabalais, 2002). Excess nutrients also cause 
the increased occurrence of drift macroalgae that form thick mats over seagrass beds, decreasing 
the penetration of sunlight to these plants (Rabalais, 2002). In addition, the accumulation of 
carbon matter can cause aerobic bacteria to consume more oxygen, ultimately depleting the 
oxygen available to an aquatic ecosystem and disrupting the nitrification process (Rabalais, 
2002). Excess nitrogen cannot be returned to atmospheric nitrogen due to the lack of oxygen and 
the remaining excess nitrogen stays in the ecosystem and fuels further production of 
phytoplankton (Rabalais, 2002). 
12 
 
The current rate of nitrogen nutrient loading is causing a shift in primary producers in the 
IRL. Much of this excess nitrogen and nutrients is coming from Lake Okeechobee and the St. 
Lucie Basin (Audubon Florida, 2013). Fertilizer and storm water add nitrogen to Lake 
Okeechobee water, which moves too quickly downstream for natural cleansing (Audubon 
Florida, 2013). This water with extra amounts of nitrogen reaches the IRL, providing the IRL 
with excess nitrogen (Audubon Florida, 2013). Therefore, it is essential to analyze stable 
isotopes of seagrass and macroalgae in the IRL in order to determine if any nutrient changes 
have occurred that may have driven species of these plants to decline (Sigua, & Tweedale, 2003). 
1.4 Stable Isotopes of Carbon and Nitrogen 
The stable isotopes of carbon and nitrogen will be used in the present study to assess 
changes that have occurred in seagrass and macroalgae caused by algal blooms in the IRL. Stable 
isotopes provide information on what nutrient sources are available to the plant; therefore, stable 
isotopes can provide valuable information about what environmental conditions the plant has 
been exposed to, such as excess nutrients caused by fertilizers and water runoff.  
Stable isotopes are measured using δ values, which are measured in parts per thousand, 
and describe the abundance relative to an approved standard, N2 gas and PeeDee Belemnite for 
nitrogen and carbon, respectively (Fry & Peterson, 1987). This value can be calculated using the 













δX = [(Rsample/Rstandard)- 1] x 10
3 
By comparing delta values it can be determined whether an increase or decrease in heavy 
isotopes has occurred from the time before the algal bloom to after the bloom (Fry & Peterson, 
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1987). An increase in heavy isotopes would lead to an increase in the δ value and a decrease in 
heavy isotopes would be seen in a decrease in the δ value (Fry & Peterson, 1987). If the blooms 
were caused by excess nutrients, from fertilizers or other pollutants, stable isotopes from 
seagrass and macroalgae will reflect this information.  
Carbon stable isotopes can be used to analyze physiological processes of plants 
(Hemminga & Mateo, 1996). C3, C4, and CAM plants will all display different ratios of carbon 





ratios similar to C4 plants (Andrews & Abel, 1979). C4 plants have a fractionation of 6‰, which 
is implies that there is fractionation of carbon between the atmosphere and the plant (Fry & 
Peterson, 1987). Macroalgae have been shown to be C3 plants; however the species Udotea has 
been classified as a C4 plant (Reiskind et al., 1988).  
Stable isotope data from the present study will be used in conjunction with other research 
projects to map out the trophic relationships among producers and consumers in this marine 




C, are two 
major stable isotopes that can be used to map trophic levels and food webs in communities (Post, 
2002). Enrichment of 
15
N can occur along a trophic gradient, making it difficult to determine the 
primary source of the nutrients (Dehairs, et al., 1997). However, δ
13
C experiences little 
enrichment and can be used to determine the primary source of carbon (Dehairs et al., 1997). 
δ
15
N, has a greater enrichment than carbon and, therefore, it can be used to determine trophic 
distances of consumers from the base of the food chain (Dehairs et al., 1997). The present study 
will focus only on the changes in stable isotopes from before and after the algal blooms in the 
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LITERATURE REVIEW  
 Few studies have assessed the isotopic composition of seagrasses and macroalgae in the 
IRL. One previous study was performed by Clementz & Tuross (2006) where samples of 





C analysis was performed. The average δ
15
N for seagrasses was approximately 2‰ and 
approximately 2.5‰ for macroalgae; the average δ
13
C was -10‰ for seagrasses -17‰ for 
macroalgae (Clementz and Tuross, 2006). The results of that study also showed that δ
13
C was 
lowest in the northern areas of the IRL and δ
15
N was highest in the northern range. In north IRL, 




C approximately 4‰ and -12‰, respectively, and 
approximately 4‰ and -13‰, respectively for macroalgae (Clementz and Tuross, 2006). The 




C approximately 1‰ and -10‰, respectively for 
seagrasses and approximately 7‰ and -17‰, respectively for macroalgae (Clementz and Tuross, 
2006). The south IRL had an average δ
15
N around 1‰ and -7‰, respectively for seagrasses and 
7‰ and -16‰, respectively for macroalgae (Clementz and Tuross, 2006).  
Stable isotopes from different areas in the IRL also varied seasonally (Clementz & 
Tuross, 2006). Halodule wrightii δ
15
N decreased from 0‰ to -2‰ in the months of February to 
June and then increased from -2‰ to -1‰ in the months of June to September (Clementz and 
Tuross, 2006). Halodule wrightii δ
13
C increased from -13 to -10 in the months of February to 
June and decreased from -10‰ to -12‰ in the months of February to September (Clementz and 
Tuross, 2006). Macroalgae δ
15
N decreased from 8‰ in February 2004 to 2‰ in December 2004 
(Clementz and Tuross, 2006). Macroalgae δ
13
C increased from -23‰ in February 2004 to -20‰ 
in December 2004 (Clementz and Tuross, 2006). 
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2.1 Fluctuations in seagrass and macroalgal coverage 
  The IRL suffered immense losses of seagrass in the fall of 2011 (Largin, 2012). Years of 
loss and regrowth of seagrass preceded the extreme decline in 2011(Morris & Virnstein, 2004). 
Morris and Virnstein (2004) examined the Turnbull site, an embayment located in the northern 
IRL, in an attempt to test their hypothesis that the decline and recovery of seagrass in the IRL 
was due to a natural cycle (Morris & Virnstein, 2004). Aerial photographs of seagrass coverage, 
water quality, and sulfide concentrations were recorded (Morris & Virnstein, 2004). Morris & 
Virnstein found that prior to the seagrass decline, the sediment was covered with detritus; after 
the decline, the sediment was hard and without detritus. Nutrient levels did not change after the 
seagrass decline; however, sulfide levels did vary (Morris & Virnstein, 2004).These water 
quality fluctuations may display the importance of seagrasses in the IRL and the impact of its 
loss (Morris & Virnstein, 2004). Morris and Virnstein (2004) concluded that natural cycles of 
growth and decline are common in areas in the IRL that are not well flushed. 
 Duarte et al. (2009) hypothesized that increased nutrients in coastal areas and the 
presence of Caulerpa in seagrass beds ultimately leads to the deterioration of those seagrass 
beds. This deterioration is ultimately caused by increases in hydrogen sulfides, which are toxic to 
plants, and increases in sediment pools of organic matter (Duarte et al., 2009). Sample sites of 
Caulerpa and Posidonia were used to test their hypothesis (Duarte et al., 2009). Study sites that 
had a mixture of P. oceanica and Caulerpa sp. showed lower seagrass shoot density, suggesting 
that macroalgae have a negative effect on seagrass (Duarte et al., 2009). Caulerpa prolifera and 
C. racemosa in P. oceanica beds correlated with deterioration of the seagrass beds (Duarte et al., 
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2009). Sulfide pools were increased in the presence of Caulerpa sp. in P. oceanica meadows 
(Duarte et al., 2009). 
 Boyer et al. (2007) studied the distribution of macroalgae and the connection of 
macroalgae to water quality in the Florida Keys from 1996 to 2003. Water quality was assessed 
using eight years of data collected from the Water Quality Monitoring and Protection Project of 
the Florida Keys National Marine Sanctuary, conducted by Southeast Environmental Research 
Center at Florida International University Water Quality Monitoring Network (Boyer et al., 
2007). The results of their study illustrate that macroalgae was highest in areas with high 
amounts of nitrogen (Boyer et al., 2007). Herbivory may also impact the distributions of seagrass 
and macroalgae (Boyer et al., 2007).   
 The distribution of macroalgae has also been studied by Morris et al. (2005) in the IRL. 
Three study sites in the IRL were used to observe the seasonal distribution of macroalgae and 
seagrass (Morris et al., 2005). In November, seagrasses were typically covered by dense drift 
macroalgae that ranged up and downstream of shoals in the IRL (Morris et al., 2005). In May, 
macrophyte biomass was at its lowest in the Melbourne and Cocoa Beach study sites (Morris et 
al., 2005). The Sebastian Inlet study site had its highest level of macrophyte biomass in May 
(Morris et al., 2005). Seagrass beds lacked dense macroalgae cover in May. Dense algae covered 
the deep floor of the IRL in August; however, shoals lacked macroalgae cover (Morris et al., 
2005). Morris et al. suggest that the summer pattern of algae presence is due to macroalgae being 
washed from shallow to deep water bodies.  
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2.2 Tropic relationships in marine communities 
Experiments have been performed to determine tropic relationships using stable isotopes. 
The first step in food web studies is to analyze stable isotopes of plant material in order to 
determine the trophic relationships of organisms in the community (Connolly et al., 2004). The 
study performed by Connolly et al. (2004) investigated the use of sulfur isotopes in food web 
studies. The conclusion of this experiment was that sulfur is a helpful element in marine food-
web analysis due to its high capability to distinguish the roles of different producers in a 
community (Connolly et al., 2004). In addition, the combination of sulfur and carbon is the best 
combination of elements for separating different producers in a community (Connolly et al., 
2004). 
Moncreiff & Sullivan (2001) used stable isotopes of C, N, and S to analyze the trophic 
importance of algae in seagrass beds of Mississippi Sound, located in the northern Gulf of 
Mexico. They found that Halodule wrightii contributed only 13% to the total system primary 
production annually (Moncreiff & Sullivan, 2001). Halodule wrightii from this area also had 
distinct δ
13
C values of -12‰ and low δ
15
N values around 6‰ (Moncreiff & Sullivan, 2001). All 
consumers collected had δ
13
C values that did not include Halodule wrightii and the δ
15
N values 
ranged from 4 to 20‰, which included a herbivorous diet of microalgae (Moncreiff & Sullivan, 
2001). Moncreiff & Sullivan (2001) concluded that microalgae are the primary source of organic 
matter for higher trophic levels in these seagrass beds and that Halodule wrightii had a limited 
contribution to the food web. 
Studies on the reliability of stable isotopes have also been performed (Dethier et al., 
2013). Dethier et al. (2001) used macroalgae and seagrass samples from the coastal Northeast 
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Pacific to test the hypothesis that biomarkers, such as stable isotopes, are unchanging in space 
and time. Dethier et al. (2001) determined that while there is variation of biomarkers from 
different species and collections dates, biomarkers can be used to distinguish macrophyte phyla. 
Through collections of producers from lakes in New York State, USA, Post (2002) was 
also able to determine that the use of stable isotopes can provide information on trophic 
relationships in aquatic communities. Stable isotope analysis can be used to determine food-web 
invasion and food-web theories (Post, 2002). Stable isotopes track energy flow among 





3.1 Samples Collected 
Shoal grass (Halodule wrightii) and the macroalga Gracillaria sp were collected 
concurrently with existing on-going collections for white mullet (Mugil curema) and pinfish 
(Lagodon rhomboides) undertaken by Fish and Wildlife Conservation Commission crews. Fish 
samples collected were white mullet and pinfish. Samples of turtle grass (Thalassia testudinum) 
and manatee grass (Syringodium filiforme) and white mullet, pinfish and seatrout (Cynoscion 
nebulosus) were used from previous studies conducted in 2001 (see Worthy and Worthy 2011) .  
3.2 Sampling Techniques 
When collecting samples, location and date were recorded. Seagrass and algal samples 
were collected during October and November, 2013. Fish collections were taken during the 
month of October, 2013. During each collection period, whatever species of seagrass or 
macroalgae were found while collecting fish samples were kept. Care was taken to keep the 
specimens intact. Seagrass samples included the leaf and the rhizome. Samples of macroalgae 
included the entire frond and rhizoid. Collections protocol was the same for samples collected in 
2001. Only Halodule wrightii and Gracilaria sp. were found during the two-month period.  
3.3 Sample Storage 
Once collected, samples were placed in clean, sealable plastic bags and transported to the 
Florida Fish & Wildlife Conservation Commission Fish & Wildlife Research Institute Indian 
River Field Laboratory, located in Melbourne, Florida. Bags were labeled with date and location 
of collection and then transported to the University of Central Florida (UCF) in Orlando, Florida, 
where they were stored at -20°C. Samples were kept on ice during all transportation.  
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3.4 Sample Cleaning 
 A methodology similar to that used by Moncreiff & Sullivan (2001) was used to clean the 
samples. At UCF, samples were sorted according to species, carefully washed with tap water in 
order to remove any salt and then rinsed again using distilled water. The samples were cut up and 
then placed in new plastic sealable bags labeled with the date and location of collection. Each 
sample was given a code for identification. This code was placed on samples by Florida Fish & 
Wildlife Conservation Commission crews.  
3.5 Sample Processing 
After cleaning, samples were freeze dried for 24 hours. Once freeze dried, samples were 
ground into a fine powder using a Crescent Wig-L-Bug ball grinder. The ball and grinder capsule 
was cleaned with deionized water after each sample to prevent contamination. Each sample was 
placed into a plastic cryovial labeled with the appropriate code, date of collection and location of 
collection. Samples of seagrass and macroalgae species collected in 2001 were also obtained that 
had been previously freeze dried. Small amounts of ground, freeze dried tissue were placed on 
Whatman filter paper and rolled up to fit in paper thimbles. Each thimble had an identification 
cut on it and a designated beaker. The beaker number and thimble were recorded for each sample 
for identification purposes. The spatula used to transfer the samples was cleaned with deionized 
water between samples.  
3.6 Lipid Extraction 
 Approximately 10 mg of plant material was put in a drying oven for 24 hours to remove 
water.  Since lipids are depleted in 
13
C relative to lean tissue, all samples were lipid-extracted 
using petroleum ether prior to isotope analysis (Schlechtriem et al. 2003, Post et al. 2007).  
Lipid-extracted samples were again placed in a drying oven for 24 hours to remove any 
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remaining solvent. Dried, lipid-extracted samples were ground to a fine homogeneous powder 
using a Wig-L-Bug Amalgamator (Crescent Dental Manufacturing, model MSD). Lipid 
extracted samples were weighed using a Sartorius micro-balance. The work area and spatula 
used while weighing the samples were cleaned for each new sample. Aliquots (0.9-1.5 mg) were 
sealed into 4 mm by 6 mm tin capsules and sent to the Stable Isotope and Ecology Lab, 
University of Georgia, Athens, GA for isotope analysis by mass spectrometry (Thermo Finnigan 
DELTAplus and DELTA C). Data were expressed and reported as per mil (‰) using delta 
notation (δ): 
 ( )  ((                  )   )        (1) 
where   is 15N or 13C and   is the corresponding ratio of 15N/14N or 13C/12C.  Standard reference 
materials were carbon from PeeDee Belemnite limestone and atmospheric nitrogen gas. To 
assure quality control in sample analysis of stable isotope ratios, a known standard sample 
(bovine tissue) was run after every 12 unknown samples.  Analytical errors for standard samples 








Samples taken in 2013 were collected in the 
months of October and November obtained from the 
locations indicated in Figure 1. Samples from 2001 
were taken during the months of June through August.  
Plant samples collected in 2013 were from the 
Mosquito Lagoon; plant samples collected in 2001 
ranged from the South Beach to Fort Pierce area and 
water near the Hutchinson Island area. The following 











Figure 2: Plant collection sites, 2013 
Figure 3: Plant collection sites, 2001 
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Fish samples taken in 2013 were collected in the 







4.1 Stable Isotope Data-Gracilaria sp. 
 Stable isotope data for 2001 and 2013 Gracilaria sp. samples can be found in Appendix 
A and a plot of δ
13
C (‰) versus δ
15
N (‰) for individual 2001 and 2013 Gracilaria sp. samples 
can be found in Figure 4. The average total % N for 2001 was 1.80 ± 0.33% and the total % C 
was 38.20 ± 5.0% (Figure 6). The average δ
15
N was 5.04 ±1.40‰ and the average δ
13
C was -
20.87 ± 3.3‰ for 2001 Gracilaria sp. samples (Figure 6). 
The average total % N for 2013 Gracilaria samples was 1.26 ± 0.09% and the average 
total % C was 31.27 ± 0.55%. The average δ
15
N for 2013 Gracilaria sp. samples was 4.88 ± 
0.55‰ and the average δ
13
C was -20.46 ± 2.19‰. Average values from 2001 and 2013 for total 
%N (p=0.06), δ
15
N (p=0.10), total %C (p=0.88), and δ
13
C (p=0.90) were similar. Statistical tests 
could not be performed because only two samples were collected in 2013. 
 
 
Figure 4: Fish collection sites, 2013 
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4.2 Stable Isotope Data-Halodule wrightii 
 The average % N for 2001 Halodule wrightii samples was 2.74 ± 0.55% and the average 
%C was 41.15 ± 1.27% (Figure 6, Appendix B). The average for 2001 δ
15
N was 2.13 ± 2.44‰ 
and the average δ
13
C was -16.60 ± 2.0‰ (Figure 6, Appendix B).  
 The 2013 average for % N was 1.86 ± 0.77% and the average % C was 33.21 ±6.3%. The 
average δ
15
N for 2013 Halodule wrightii samples was 0.66 ± 1.5‰ and the average δ
13
C was -






N for each individual Gracilaria sp. sample 
Gracilaria sp
13C
















significantly different (p=0.0046); 2001 and 2013 %N were also significantly different 
(p=0.029). The averages for 2001 and 2013 δ
13
C were significantly different (p=0.017) and the 
2001 and 2013 averages for δ
15




C (‰) and δ
15
N (‰) for each individual Halodule wrightii sample; two samples from 2001 can be 
found among 2013 samples and were collected in different geographic locations than all other samples (Appendix B, 









































Figure 7: Scatterplot of δ
13
C (‰) and δ
15





4.3 Stable Isotope Data-Syringodium filiforme 
 The stable isotope data for Syringodium filiforme can be found in Appendix C. No 
samples of Syringodium filiforme were collected in 2013. The average %N in this species was 
3.08 ± 0.8% and the average δ
15
N was -1.03±1.3‰ (Figure 6). The average %C was 41.34±1.6 
and the average δ
13
C was -9.56±0.6‰ (Figure 6).  
4.4 Stable Isotope Data-Thalassia testudinum 
 Only one sample of Thalassia testudinum was collected in 2001 and no samples were 
collected in 2013 (Appendix D). This sample had a value of -0.74‰ δ
15
N and a value of -
10.46‰ δ
13
C (Figure 6). 
4.5 Stable Isotope Data-pinfish 
 Fourteen samples of pinfish were collected in October of 2013. Stable isotope data of 
pinfish samples from 2001 were also obtained. Tables of 2001 and 2013 pinfish stable isotope 
data can be found in Appendix E. The average δ
15
N for 2001 pinfish samples was 10.06 ± 1.10‰ 
and the average of δ
13
C for 2001 pinfish samples was -16.45 ± 1.3‰ (Figure 7). The average 
δ
15
N for 2013 samples was 8.87± 1.06‰ and the average δ
13
C was -14.88 ± 1.1‰ (Figure 7). 
Pinfish sampled in 2013 had significantly lower δ
15
N (p<0.0001) and higher δ
13
C (p<0.0001) 
values than pinfish sampled in 2001. 
4.6 Stable Isotope Data-white mullet  
 The average δ15N for 2001 was 7.20 ± 1.50‰ and the average δ13C for 2001 white mullet 
samples was -13.81 ± 1.8‰ (Figure 7, Appendix F). The average δ
15
N for 2013 was 5.91 ± 
0.18‰ and the average δ
13
 C was -13.71 ± 1.2‰ (Figure 7, Appendix F). White mullet sampled 
in 2001 and 2013 were not significantly different for either δ
15
N (p=0.23) or δ
13
C (p=0.94).  
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4.7 Stable Isotope Data-spotted seatrout 
 No samples of spotted seatrout were collected in 2013. Seventy-five samples of spotted 
seatrout were collected in 2001.Data collected from spotted seatrouts collected in 2001 can be 
found in Appendix G. The average δ
15
N for 2001 spotted seatrout was 12.70 ± 0.24 and the 
average δ
13
C was -17.10 ± 0.11 (Figure 7). 
13C

















Figure 8: Scatterplot of δ
13
C (‰) and δ
15





From both 2001 and 2013 seagrass, macroalgae, and fish samples, it was determined that 
only Halodule wrightii and pinfish had significant changes in the isotopic values from 2001 to 
2013. Halodule wrighii had two samples from 2001 located among the 2013 samples and were 
collected at 27.562°N, -80.332°W and 27.536°N, -80.348°W (highlighted in the table in 
Appendix B, points J and K on map). Halodule wrightii displayed lower 2013 total %N and total 
%C values and higher δ
13
C values, while pinfish displayed lower δ
15




5.1 Variability by Location 
 Overlap of 2001 and 2013 Halodule wrightii data may have been caused by the location 
of collection. These two samples from 2001 that overlapped with 2013 data were located in the 
South Beach area at longitudes and latitudes of 27.562°N, -80.332°W and 27.536°N, -80.348°W. 
The 2013 sample of Halodule wrightii taken at 28.883°N, -80.833°W was closest to the two 
samples from 2001. This indicates that Halodule wrightii δ
15
N values may decrease as the 
samples are taken further north. This conclusion does not correlate with the results found from 
the research of Clementz and Tuross (2006). Clementz and Tuross (2006) found that δ
15
N were 
highest in the northern part of the IRL and δ
13
C values were lower in the northern region of the 
IRL. In northern IRL, the average seagrass δ
15
N was around 4‰ and the average δ
13
C for 





around 1‰ and -3‰, respectively (Clementz and Tuross, 2006). The average 2013 Halodule 
wrightii δ
15
N was 0.66‰ and the average 2001 δ
15
N was 2.13‰. The more southern 2001 
Halodule samples had a higher δ
15
N average than the more northern 2013 samples.  
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 The differences in conclusion regarding δ
15
N may be due to the difference in seasons in 
which samples were taken. Clementz and Tuross (2006) did find that stable isotope values 
fluctuated by season. Samples taken in this study during 2001 were taken during the months of 
June, July, and August while samples taken during 2013 were taken during the month of 
October. δ
15
N values of Halodule wrightii sampled from 2013 may not show an increase when 
compared to the southern samples collected in 2001 because of the difference in seasons. 
Clementz and Tuross (2006) found that the δ
15
N decreased from -0.5‰ to -2‰ around June and 
July and increased from -2‰ to -1‰ in August. No data for Halodule wrightii was provided for 
the month of October in the study by Clementz and Tuross (2006). Using the results from 
Clementz and Tuross (2006), it can be presumed that the δ
15
N in 2001 Halodule wrightii samples 
may be higher due to the months and locations that they were sampled in.   
5.2 Variability by Year  





C were also not significantly different. This lack of change may 
indicate that these species have not been affected by the algal blooms in the IRL or that they 
have returned to their pre-algal bloom states. However, since the collection locations for both of 
these species were not the same from 2001 to 2013, it is difficult to determine if the stable 
isotope data has actually not changed. Samples of these species from 2013 were not taken in the 
same locations as samples taken in 2001.Gracilaria sp. located in the Mosquito Lagoon area may 
have had different stable isotope data in 2001 than Gracilaria sp. and located in South Beach and 
Fort Pierce areas. The same may be true for the white mullet samples. As discovered by 
Clementz and Tuross (2006) stable isotopes varied from location to location in the IRL, with the 
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C values. Without 2001 data from the Mosquito Lagoon area, the conclusion that 
Gracilaria sp. and white mullet samples have not significantly changes in their stable isotope 
data may be false.  
5.3 Changes in Total %N and Total %C 
 The only species that showed significant changes in total %N and total %C from 2001 to 
2013 was Halodule wrightii. Decreases in total %N and total %C may have been indicative of 
reduced condition since Schlesinger (1997) suggested that carbon values of plants can be used to 
assess the overall health of ecosystems. No studies have previously been undertaken in the IRL 
that specifically analyze the total %N and %C of seagrass and so it is difficult to interpret these 
observed differences.  
5.4 Correlations between Fish and Plant Samples 




 C averages that were significantly different. This change 
may indicate that the source of nitrogen and carbon for these fish has changed from 2001 to 
2013. From the stable isotope scatterplots, it can be deduced that the food source of pinfish may 
be an organism that consumes Halodule wrightii. As was mentioned previously, Halodule 
wrightii had significant increase in average δ
13
C from 2001 and 2013. Pinfish also experienced a 
significantly higher δ
13
C average in 2013 than in 2001. Pinfish are omnivores that consume 
minnows, crustaceans, amphipods, shrimps, and mollusks, and occasionally seaweed and organic 
debris (Hansen 1969; Stoner 1980). If pinfish consumed organisms that feed on Halodule 
wrightii, then it would be reasonable to deduce that pinfish should show changes in their stable 
isotope values similar to the seagrass.   
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5.5 Improvements for Future Studies 
 Future studies should include longer durations of sample collections. As observed by 
Clementz and Tuross (2006) stable isotope data varied from month to month. Instead of 
collecting samples for only two months, as was done for this study, sampling should be 
performed for at least a year in order to determine if any variation is due to seasonal fluctuations 
or if changes in stable isotope data are caused by other factors, such as runoff.  
Sampling should have also been taken in a wider range of locations. Samples of plants in 
2013 were only taken from the northern part of the IRL. This sampling neglected other locations 
in the IRL that were affected by algal blooms, such as the Melbourne, Sebastian Inlet, and Vero 
Beach areas. Samples in 2001 were taken from the southern part of the IRL. Comparisons 
between 2001 and 2013 could not adequately determine if stable isotopes were affected by 
location because the same locations were not sampled in 2001 and 2013.  
5.6 Conclusions  
 In conclusion, significant changes occurred in the 2013 total %C, total %N, and δ13C of 
Halodule wrightii. Significant changes also occurred in the 2013 pinfish δ
13
C. The exact cause of 




C in 2001 to 
2013 may have been caused by normal seasonal changes, algal blooms, a nutrient change, or 
even the location of sampling. There does seem to be a correlation between Halodule wrightii 
samples and pinfish samples. This may indicate that Halodule wrightii is part of the food web 
involving pinfish. With more research on this topic we will be able to better understand what 
may be happening in the IRL ecosystem.  
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Gracilaria sp. stable isotope data, 2001 and 2013 




















A BSSC2 6/25/2001 
 
2.10 4.87 41.91 -20.60 27.332°N, -80.237°W 
B FSSC6 6/30/2001 
 
1.66 5.94 36.97 -21.50 27.564°N, -80.331°W 
C BSSC9 7/10/2001 
 
1.92 4.98 40.02 -21.41 27.332°N, -80.237°W 
D FSSC12 7/18/2001 
 
1.67 6.73 37.56 -24.73 27.564°N, -80.331°W 
E GSSC13 7/18/2001 
 
1.31 5.58 37.07 -25.20 27.562°N, -80.332°W 
F BSSC15 7/25/2001 
 
2.28 5.23 42.21 -20.03 27.332°N, 80.2371°W 
G GSSC17 7/30/2001 
 
1.46 1.96 27.32 -14.76 27.562°N, -80.332°W 
H BSSC21 8/7/2001 
 
2.01 5.02 42.51 -18.69 27.332°N, -80.237°W 
T IRM13101503A 10/24/2013 
 
1.32 4.49 30.88 -18.91 28.647°N, -80.800°W 
U IRM13101506 10/24/2013 
 












2001 Gracilaria sp. sample sites 2013 Gracilaria sp. sample sites 
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Halodule wrightii stable isotope data, 2001 and 2013 

















I ASSC1 6/20/2001 
 
2.59 3.32 40.98 -18.27 27.339°N, -80.237°W 
J CSSC3 6/29/2001 
 
3.18 -0.97 42.05 -13.27 27.536°N, -80.348°W 
K GSSC7H 6/30/2001 
 
2.66 -2.04 38.75 -14.81 27.562°N, -80.332°W 
L ASSC8 7/9/2001 
 
2.75 2.72 41.10 -16.16 27.339°N, -80.237°W 
M ASSC14 7/25/2001 
 
2.82 2.75 41.03 -17.91 27.339°N, -80.237°W 
N GSSC17 7/30/2001 
 
1.53 5.28 40.06 -19.28 27.562°N, -80.332°W 
O BSSC20 8/7/2001 
 
3.27 2.25 42.52 -15.57 27.339°N, -80.237°W 
P ASSC19 8/7/2001 
 
3.13 3.70 42.43 -17.51 27.332°N, -80.237°W 
V IRM13100304 10/3/2013 
 
1.55 0.62 27.18 -12.60 28.850°N, -80.817°W 
W IRM13100303 10/3/2013 
 
3.17 -1.54 42.34 -15.77 28.883°N, -80.833°W 
X IRM13100802 10/10/2013 
 
1.28 1.58 34.57 -12.97 28.783°N, -80.767°W 
Y IRM13101503S 10/24/2013 
 
1.75 0.30 27.42 -14.31 28.647°N, -80.800°W 
Z IRM13110102 11/1/2013 
 


































2001 Halodule wrightii sample sites 
2013 Halodule wrightii sample sites 
43 
 


























Syringodium filiforme stable isotope data, 2001 

















Q GSSC7S 6/30/2001 
 
2.68 -1.69 40.50 -9.86 27.562°N, -80.332°W 
R CSSC11 7/17/2001 
 
3.47 -0.38 42.18 -9.25 27.536°N, -80.348°W 
 
 































Thalassia testudinum stable isotope data, 2001 


















S CSSC03 6/29/2001 
 
1.99 -0.74 30.25 -10.46 27.536°N, 80.348°W 
 
 
























Pinfish stable isotope data, 2001 
Year of Collection Species δ C
13
 (‰) δ N
15
 (‰) 
2001 Pinfish -18.20 9.38 
2001 Pinfish -16.95 9.94 
2001 Pinfish -16.23 10.84 
2001 Pinfish -16.29 8.57 
2001 Pinfish -15.48 10.54 
2001 Pinfish -16.38 9.82 
2001 Pinfish -15.79 10.73 
2001 Pinfish -16.58 10.12 
2001 Pinfish -18.29 10.34 
2001 Pinfish -16.11 10.35 
2001 Pinfish -15.76 8.39 
2001 Pinfish -17.01 9.51 
2001 Pinfish -16.21 9.35 
2001 Pinfish -15.79 10.12 
2001 Pinfish -17.56 9.24 
2001 Pinfish -18.22 10.05 
2001 Pinfish -16.20 7.83 
2001 Pinfish -14.65 7.84 
2001 Pinfish -16.75 8.68 
2001 Pinfish -17.70 9.25 
2001 Pinfish -17.95 9.00 
2001 Pinfish -17.79 9.66 
2001 Pinfish -16.57 8.92 
2001 Pinfish -16.80 8.88 
2001 Pinfish -18.17 9.18 
2001 Pinfish -17.17 9.25 
2001 Pinfish -18.01 10.18 
2001 Pinfish -18.05 11.15 
2001 Pinfish -16.66 10.16 
2001 Pinfish -16.55 8.60 
2001 Pinfish -16.40 9.55 
2001 Pinfish -17.84 10.05 
2001 Pinfish -17.97 10.07 
2001 Pinfish -16.08 8.49 
2001 Pinfish -14.30 7.26 
2001 Pinfish -16.05 7.36 
2001 Pinfish -16.37 10.84 
2001 Pinfish -16.15 9.33 
2001 Pinfish -16.91 9.91 
2001 Pinfish -16.90 10.51 
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2001 Pinfish -16.62 11.64 
2001 Pinfish -18.52 11.81 
2001 Pinfish -16.68 9.45 
2001 Pinfish -13.71 9.28 
2001 Pinfish -13.92 8.96 
2001 Pinfish -12.95 10.12 
2001 Pinfish -15.56 9.40 
2001 Pinfish -12.98 10.14 
2001 Pinfish -16.91 11.29 
2001 Pinfish -17.90 10.61 
2001 Pinfish -17.56 9.95 
2001 Pinfish -17.87 9.90 
2001 Pinfish -16.96 10.38 
2001 Pinfish -17.99 10.20 
2001 Pinfish -17.69 10.56 
2001 Pinfish -16.79 9.88 
2001 Pinfish -20.32 10.37 
2001 Pinfish -17.38 9.77 
2001 Pinfish -17.22 10.82 
2001 Pinfish -16.36 10.26 
2001 Pinfish -17.84 11.13 
2001 Pinfish -17.34 11.85 
2001 Pinfish -18.62 10.72 
2001 Pinfish -18.09 10.57 
2001 Pinfish -17.57 11.55 
2001 Pinfish -16.18 11.43 
2001 Pinfish -17.15 10.65 
2001 Pinfish -16.47 10.43 
2001 Pinfish -14.51 9.94 
2001 Pinfish -15.86 10.85 
2001 Pinfish -17.67 11.99 
2001 Pinfish -15.76 10.64 
2001 Pinfish -16.52 10.68 
2001 Pinfish -16.16 10.86 
2001 Pinfish -14.37 10.19 
2001 Pinfish -17.17 11.42 
2001 Pinfish -15.25 9.14 
2001 Pinfish -15.68 9.00 
2001 Pinfish -15.31 10.63 
2001 Pinfish -16.41 11.09 
2001 Pinfish -15.98 9.13 
2001 Pinfish -14.53 8.79 
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2001 Pinfish -14.73 8.82 
2001 Pinfish -14.52 9.25 
2001 Pinfish -17.82 12.33 
2001 Pinfish -15.70 9.92 
2001 Pinfish -14.87 9.10 
2001 Pinfish -15.97 9.99 
2001 Pinfish -16.41 11.63 
2001 Pinfish -16.82 11.56 
2001 Pinfish -16.09 11.35 
2001 Pinfish -16.60 11.30 
2001 Pinfish -16.51 11.17 
2001 Pinfish -16.12 11.19 
2001 Pinfish -16.74 11.32 
2001 Pinfish -15.83 11.09 
2001 Pinfish -17.64 11.25 
2001 Pinfish -15.91 8.25 
2001 Pinfish -17.35 9.07 
2001 Pinfish -18.85 9.45 
2001 Pinfish -18.68 10.14 
2001 Pinfish -15.74 8.47 
2001 Pinfish -15.18 10.06 
2001 Pinfish -14.09 9.82 
2001 Pinfish -13.38 10.83 
2001 Pinfish -14.49 8.68 
2001 Pinfish -15.37 8.82 
2001 Pinfish -16.78 9.59 
2001 Pinfish -15.26 9.23 
2001 Pinfish -13.99 8.38 
2001 Pinfish -14.23 9.07 
2001 Pinfish -18.71 12.95 
2001 Pinfish -16.49 10.42 
2001 Pinfish -14.13 8.65 
2001 Pinfish -15.65 9.79 
2001 Pinfish -17.23 12.21 
2001 Pinfish -15.98 10.98 
2001 Pinfish -15.77 11.12 
2001 Pinfish -17.43 11.87 





Pinfish stable isotope data, 2013 
















Location of Collection 
A 112-AAJ-254-50 
 
10/3/2013 11.01 9.20 
 
35.86 -14.96 28.883°N, -80.833°W 
B 112-AAJ-254-53 
 
10/3/2013 10.99 8.46 
 
37.52 -15.81 28.883°N, -80.833°W 
C 112-AAJ-254-52 
 
10/3/2013 10.22 9.58 
 
34.10 -15.93 28.883°N, -80.833°W 
D 112-AAJ-254-51 
 
10/3/2013 10.58 8.51 
 
36.14 -13.80 28.883°N, -80.833°W 
E 112-AAJ-254-54 
 
10/3/2013 10.33 8.80 
 
35.12 -15.95 28.883°N, -80.833°W 
F 112-AAJ-254-55 
 
10/3/2013 10.57 8.09 
 
35.15 -15.59 28.883°N, -80.833°W 
G 112-AAJ-254-56 
 
10/3/2013 8.45 7.83 
 
28.06 -14.67 28.883°N, -80.833°W 
H 112-AAJ-254-57 
 
10/3/2013 10.86 7.50 
 
36.01 -14.09 28.883°N, -80.833°W 
I 112-AAJ-254-58 
 
10/3/2013 10.63 8.02 
 
34.77 -15.85 28.883°N, -80.833°W 
J 112-AAJ-254-59 
 
10/3/2013 10.92 8.43 
 
36.33 -15.09 28.883°N, -80.833°W 
K 112-AAJ-254-70 
 
10/24/2013 12.15 11.44 
 
40.41 -15.07 28.647°N, -80.800°W 
L 112-AAJ-254-71 
 





10/24/2013 10.36 9.64 
 
33.08 -12.20 28.647°N, -80.800°W 
N 112-AAJ-254-73 
 
10/24/2013 9.85 9.84 
 









































White mullet stable isotope data, 2001 
Year of Collection Species δ C
13
 (‰) δ N
15
 (‰) 
2001 White mullet -14.02 6.21 
2001 White mullet -14.10 7.35 
2001 White mullet -13.40 8.54 
2001 White mullet -14.43 7.28 
2001 White mullet -14.05 8.37 
2001 White mullet -12.09 6.74 
2001 White mullet -13.23 6.64 
2001 White mullet -10.35 5.07 
2001 White mullet -15.49 6.69 
2001 White mullet -9.85 4.60 
2001 White mullet -14.13 9.19 
2001 White mullet -12.38 6.17 
2001 White mullet -14.34 4.59 
2001 White mullet -12.60 5.31 
2001 White mullet -13.92 6.83 
2001 White mullet -16.75 4.82 
2001 White mullet -13.31 6.40 
2001 White mullet -11.26 5.42 
2001 White mullet -12.68 6.10 
2001 White mullet -13.29 5.94 
2001 White mullet -12.18 5.57 
2001 White mullet -12.35 6.49 
2001 White mullet -11.58 6.01 
2001 White mullet -13.16 5.28 
2001 White mullet -11.96 5.92 
2001 White mullet -13.74 6.05 
2001 White mullet -12.95 6.24 
2001 White mullet -11.89 5.93 
2001 White mullet -12.71 6.04 
2001 White mullet -11.66 5.78 
2001 White mullet -11.75 5.03 
2001 White mullet -16.50 6.85 
2001 White mullet -17.15 8.52 
2001 White mullet -13.33 7.05 
2001 White mullet -12.83 6.65 
2001 White mullet -17.49 8.63 
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2001 White mullet -17.62 7.98 
2001 White mullet -15.26 7.47 
2001 White mullet -12.37 11.12 
2001 White mullet -16.47 8.30 
2001 White mullet -13.71 7.70 
2001 White mullet -13.69 5.44 
2001 White mullet -14.47 7.39 
2001 White mullet -13.98 7.26 
2001 White mullet -12.54 6.92 
2001 White mullet -15.81 7.48 
2001 White mullet -17.20 8.76 
2001 White mullet -13.06 7.48 
2001 White mullet -13.54 5.88 
2001 White mullet -14.65 7.60 
2001 White mullet -13.91 7.81 
2001 White mullet -11.35 6.70 
2001 White mullet -11.79 7.58 
2001 White mullet -14.27 6.62 
2001 White mullet -15.43 7.36 
2001 White mullet -15.79 8.72 
2001 White mullet -15.53 9.78 
2001 White mullet -12.43 6.72 
2001 White mullet -13.60 6.69 
2001 White mullet -16.44 7.89 
2001 White mullet -14.71 12.75 
2001 White mullet -14.12 6.30 
2001 White mullet -14.18 6.57 
2001 White mullet -14.25 8.95 
2001 White mullet -13.68 5.92 
2001 White mullet -11.11 9.36 
2001 White mullet -14.10 7.59 
2001 White mullet -12.86 6.89 
2001 White mullet -14.40 7.38 
2001 White mullet -13.07 5.68 
2001 White mullet -11.68 10.78 
2001 White mullet -14.84 6.65 
2001 White mullet -13.32 5.90 
2001 White mullet -13.82 7.20 
2001 White mullet -14.07 8.97 
56 
 
2001 White mullet -15.15 7.64 
2001 White mullet -13.35 7.95 
2001 White mullet -11.85 6.61 
2001 White mullet -13.89 6.97 
2001 White mullet -10.87 5.32 
2001 White mullet -14.72 6.36 
2001 White mullet -9.65 4.51 
2001 White mullet -16.58 9.16 
2001 White mullet -16.31 10.27 
2001 White mullet -11.81 6.38 
2001 White mullet -13.33 6.56 
2001 White mullet -17.26 8.28 
2001 White mullet -15.45 13.39 
2001 White mullet -13.41 5.99 
2001 White mullet -13.90 6.44 
2001 White mullet -14.96 9.40 
2001 White mullet -14.36 6.22 
2001 White mullet -10.55 8.89 
2001 White mullet -13.82 7.44 
2001 White mullet -13.50 7.23 
2001 White mullet -15.12 7.75 
2001 White mullet -12.42 5.40 
2001 White mullet -12.79 5.85 
2001 White mullet -12.97 6.81 
2001 White mullet -11.00 5.71 
2001 White mullet -12.90 5.17 
2001 White mullet -12.56 6.22 
2001 White mullet -14.43 6.35 
2001 White mullet -12.30 5.93 
2001 White mullet -11.65 5.81 
2001 White mullet -13.35 6.34 
2001 White mullet -12.24 6.07 
2001 White mullet -11.16 4.78 
2001 White mullet -12.97 9.13 
2001 White mullet -19.30 9.40 
2001 White mullet -12.55 8.14 
2001 White mullet -15.50 8.35 
2001 White mullet -14.77 7.44 
2001 White mullet -13.98 7.61 
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2001 White mullet -13.86 7.66 
2001 White mullet -13.79 7.22 
2001 White mullet -12.98 7.95 
2001 White mullet -15.15 6.92 
2001 White mullet -14.48 7.27 
2001 White mullet -14.78 8.35 
2001 White mullet -14.37 8.10 
2001 White mullet -14.41 7.67 
2001 White mullet -12.10 8.12 
2001 White mullet -12.00 7.63 
2001 White mullet -14.83 7.79 
2001 White mullet -12.28 7.78 
2001 White mullet -14.56 7.86 
2001 White mullet -12.62 6.72 
2001 White mullet -16.66 8.20 
2001 White mullet -19.52 7.81 
2001 White mullet -14.45 5.77 
2001 White mullet -16.05 7.16 
2001 White mullet -15.45 6.99 
2001 White mullet -17.86 10.48 
2001 White mullet -15.47 8.72 
2001 White mullet -13.73 6.69 
2001 White mullet -13.66 7.79 
 
White mullet stable isotope data, 2013 



























































Spotted seatrout stable isotope data, 2001 
Year of Collection Species δ C
13
 (‰) δ N
15
 (‰) 
2001 Spotted seatrout -15.37 11.65 
2001 Spotted seatrout -16.93 11.76 
2001 Spotted seatrout -16.29 11.13 
2001 Spotted seatrout -17.48 13.30 
2001 Spotted seatrout -17.40 13.19 
2001 Spotted seatrout -17.64 13.47 
2001 Spotted seatrout -17.01 13.19 
2001 Spotted seatrout -17.54 13.40 
2001 Spotted seatrout -17.05 12.83 
2001 Spotted seatrout -17.56 13.04 
2001 Spotted seatrout -14.45 10.93 
2001 Spotted seatrout -17.20 14.08 
2001 Spotted seatrout -16.03 13.63 
2001 Spotted seatrout -16.11 11.90 
2001 Spotted seatrout -12.34 10.52 
2001 Spotted seatrout -13.39 11.74 
2001 Spotted seatrout -13.83 11.11 
2001 Spotted seatrout -15.65 12.11 
2001 Spotted seatrout -13.30 10.70 
2001 Spotted seatrout -15.73 12.47 
2001 Spotted seatrout -18.96 12.97 
2001 Spotted seatrout -19.31 13.25 
2001 Spotted seatrout -13.52 11.28 
2001 Spotted seatrout -13.04 11.25 
2001 Spotted seatrout -13.22 11.19 
2001 Spotted seatrout -13.91 11.49 
2001 Spotted seatrout -13.39 10.92 
2001 Spotted seatrout -13.91 10.89 
2001 Spotted seatrout -13.97 11.27 
2001 Spotted seatrout -13.58 11.16 
2001 Spotted seatrout -15.36 10.46 
 
